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Tilghman’s 


<~_Pateat Sand Blast Machinery 


For removing the 
Scale from 

Castings, Structural 
Iron Work and 
metals of all kinds. 


SEND FOR CATALOGUE 


z 
Edgar T. Ward & Sons, 


23-25 PURCHASE ST,, 
BOSTON, MASS. 


w 
GEORGE NASH & CO., 


24 SO.CLINTON ST., 
CHICAGO, ILL. 
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* COMPRESSED AIR MINE HAULAGE. + 
ws + 
; Safe from fire, handier, more reliable and more economical in installation and % 
4 operation than other systems ; adopted by representative anthracite and bituminous % 
t collieries after exhaustive examination, Specially adapted to underground or 
* surface work at coal, iron, copper, silver, gold and other mines, and for work where + 
tr smoke or sparks must be wholly eliminated. Propositions with specifications and & 
t photographs will be made promptly on request. Address, mentioning ‘Compressed Air,” ‘§ 
} + 
+ H.K. PORTER CO.,, 540 Wood St., Pittsburgh, Pa. = 
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BOSTON. NEW YORK. PITTSBURG. CHICAGO. ST. LOUIS, 


NNational Tube Works Company, 


MANUFACTURERS OF 
Standard Steam, Gas and Water Pipe. 
Locomotive and Stationary Boiler Tubes. 
Special Flanged Pipe for Compressed Air. 
Pump Columns for Mines. 


Special Light Lap-Welded Pipe, fitted with the Converse 
Patent Lock Joint for Water and Gas Mains. 


Cylinders with Dished or Flat Heads for Carbonic Acid 
and other Gases. 


NEW YORK OFFICE, HAVEMEYER BUILDING. 
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= = PULSOMETEI ) STEAL 
“The Contractor’s Friend.” 


OFTEN IMITATED—NEVER EQUALED, 
OVER 20,000 IN USE. 














Recent Important Improvements. 









The Handiest, Snes and Most Efficient Steam Pump for 
4 ’ General Low Service Mining, Quarrying, Railroad, Irrigating, 
i Drainage, Coal-washing, Tank-filling, Paper Mill, Sewer and Bridge 
) 9m Contractors’ Purposes, etc., etc. 


Muddy or gritty liquids handled without injury to the Pump. 





PULSOMETER STEAM Pump Co. 


Catalogue on Application. Correspondence Solicited. 


135 GREENWICH STREET, NEW YORK. 
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|The be B, BF. Goodrich Company. 


AKRON RUBBER WORKS. FACTORIES: AKRON, OHIO, U.S.A. 


NEW YORK: CHICAGO: SAN FRANCISCO: 
66-68 Reade Street. 141 Lake Street. 35 New Montgomery Street. 


Rubber Goods_._ 


OF FINE QUALITY, 
HOSE FOR ALL PURPOSES. #6 


AIR HOSE for Rock Drills, Compressors, ILLUSTRATED 
Mining Machines, Pneumatic Riveters, etc. CATALOGUE..% 


STEAM HOSE, Etc. 
Belting, Springs of all kinds, Valves, Gaskets, Rings, st sin ete., cbs, 
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Do You Roast Your Ores 7 


YOU CAN SAVE 
Fuel, Cost of Repairs and Labor 


BY USING 


The Ropp Straight Line Furnace. 











FOR SALE BY 


PARKE & LACY CO., 


21 & 23 FREMONT STREET,~— - SAN FRANCISCO, CAL, 
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Lubricating | The New System 
Basssl Heceniea 


Electrical, Civiland Min- 
ing Engineering ; Drawing; 
mu Surveying; Chemistry si 

‘al th o eens 5 Athorthona’ 
ct — ookkeeping orthan 
mp ae 8 English Branches 
=?" TAUCHT BY MAIL. 
, Over 50 Courses. 
ae er oe peo We have helped thousands to better positions 

Used for lubricating and salaries. Send for free circulars, stating 
Air and Steam Cvlin- | the subject in which you are interested. 

“ | THE INTERNATIONAL CORRESPONDENCE SCHOOLS, 
_ Box 1182, 82, Scranton, Pa 
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z Pal-American Acetylene Co, Buffalo, N.Y. 
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Section of 
Chambers 
Suited to All Conditions and Places from 
Which Water is Taken. : 
Sent on Trial to All Parts of the Countia 
Single and ouriex Displacement and Piston 


| 
\) 


ae 


Types : 
Can be Installed by Any Mechanic. 


per minute up 


In sizes from 1o gallons 


MERRILL PNEUMATIC PUMP CO., 


141 Broadway, New York. 
Duplex Displacement Type. . 


WRITE FOR CIRCULAR. 
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COMPRESSED AIR TOOLS. 
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All Working Parts Incased. 
Gears Run in Oil Chamber. 


An important feature which is found 
in NO OTHER pneumatic drill is an 
oil chamber enclosing the gears and bear- 


ings, allowing them to travel in oil, and 

















Pa ‘ ‘ ‘ ‘ 
iy avoiding wear, friction and frequent 
oiling. 
No. 00 Drill, Capacity 3/16 in. weight 5% lbs. 
f No. 0 Drill, Capacity 7/16 in. weight 10% Ibs. 
4 No. 0 Extra Drill, Capacity 34 in. weight 15 lbs. 
No. 1 Extra Drill, Capacity 1 in. weight 35 Ibs. 
' f No.1 Extra Drill, Capacity 14 in. weight 49 Ibs. 
‘ i 
> 
No. O BREAST DRILL. 
PNEUMATIC MOTOR HOISTS. 
——— : ky 


[ 7 

Take little head-room. 

Light, easily handled. 

Not dependent on air pressure 
to sustain load. 

Made in following Capacities: 
Differential, Class ‘‘A’” Hoists 
1,500, 3,000, 5,000 and 10,000 
lbs. Friction Brake, Class ““B”’ 
Hoists, 800, 1,500 and 2,500 Ibs. | 

vir 
Our goods are used by the 
U. S. GOVERNMENT 


So) |} 6uin all NAVY YARDS 


DIFFERENTIAL HOIST. in the east. FRICTION BRAKE 
Send for Illustrated Catalog. 


EMPIRE ENGINE & MOTOR CO., 


OFFICE AND WORKS: ORANGEBURGH, N. Y. 
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Established 1831. Annual Capacity 1,000. 


BALDWIN LOCOMOTIVE WORKS. 


Single Expansion aud Componnd Compressed Air Locomotives. 








Adapted to a great variety 
of service. Built to gauges 
andtemplets fiom stand- 
ard designs. 
Similar parts of different 
engines of same class per- 
fectly interchangeable. 
Highest efficiency at§ 
tained by compounding. 


BURNHAM, WILLIASIS & CO., 


PHILADELPHIA, PA., U.S. A. 
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> 
Manufacturing Go.,E * 
MANUFACTURERS OF 3 OPERATED BY 
BRASS AND IRON GOODS,F = COMPRESSED AIR. 
WATER i 
AND GAS. % Vibrator principle, avoiding strip- 
3 WROUGHT IRON 


- 


ping plates and expensive pat- 
terns, for both power and 
hand ramming. 


g STEEL PIPE nee 


Plumbers’ and Gas Fitters’ 
Supplies, 


Write us to learn how nearly we 
have reduced pattern cost to nothing. 


56 & 60 JOHN STREET, 


FACTORY: New Yor«. 
PATERSON, N. J. 


DVVVVIVIVYVYVYVYVYVYVYVYVYVYV IVY IV YVYv IV iV Yv YY iV yy 


THE TABOR M’F’G CO, 
ELIZABETH, N. J. 
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CAMERON STEAM PUMPS. 


Simple, 
Compact, 
Durable, 
Efficient. 


NO OUTSIDE VALVE GEAR. 
















ADAPTED TO EVERY POSSIBLE DUTY. 





MANUFACTURED BY 


THE A.S. CAMERON STEAM PUMP WORKS, 


Foot East 23d Street, New York. 
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PNEUMATIC TOOLS 


Hammers, Riveters, Drills, Hoists. 


Our valveless hammers for chipping, 
calking, beading and riveting can not 
be equaled for power, economy in air 
consumption and for the small amount 
of vibration. 

Our riveters, drills and hoists are 
models of efficiency, durbaility and 
simplicity, and are extremely econom- 
ical in air consumption. 


Send for Piston 


Particulars. _¥ Drill for 
Metal 


The Q.& C.Co. nun 


DAYS TRIAL. Sizes. 
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“ An Important Connecting Linki in Compressed Air Service. 


THE 


Moran Flexible Joint 


For high pressure, indispensable. 

Tightness, safety, flexibility and durability 
assured. 

Parties making experiments with Com- 
pressed Air may have the use of the “ Moran 
Joint” free for a limited time. 





MORAN FLEXIBLE STEAM JOINT CoO., 
eae, - - - - - KENTUCKY. 
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A MONTHLY PUBLICATION DEVOTED TO THE USE- 
FUL APPLICATION OF COMPRESSED AIR. 


W. L. SAUNDERS, - : Editor and Proprietor 


A. E. KENNEY, - - - - Managing Editor 
J. E. QUINTERO, - - - - - Treasurer. 


Subscription, including postage, United States, 
Canada and Mexico, $1.00a year. All other coun- 
tries, $1.50a year. Single copies, 10 cents. 





Advertising rates furnished on application. 

We invite correspondence from engineers, con- 
tractors, inventors and others interested in com- 
pressed air, 

All communications should be addressed to Com- 
PRESSED AIR, 26 Cortlandt St., New York. 

London Office, 114a Queen Victoria Street. 

Those who fail to receive papers promptly will 

please notify us at once. 


Entered as Second-Class Matter at the New York 
N. Y. Post Office. 
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A recent article in the November ’99 
issue of this Magazine entitled “Allen 
Refrigerating called to 
mind a very unique application of the 


Process” has 


Allen Dense Air System of refrigeration. 

In excavating where quicksand is en- 
countered work is greatly facilitated by 
freezing, and it was an instance of this 
kind that brought up the idea that com- 
pressed air could be adapted to the work; 
as the system of circulating brine is used 
in instances of this kind, but like most 
other appliances of this nature, it has its 
imperfections. Take for example a leaky 
pipe which by allowing the brine to 
come in contact with the frozen earth 
will soon destroy the freezing effect which 
has taken hours to accomplish. 

The instance in mind was in 1895 at the 
time of the building of the Speedway 
along the Harlem River where in exca- 
vating for the walls qucksand was en- 
countered. Sooysmith & Company now 
known as the Engineering Contract Co., 
and who control the freezing process of 
excavation for this country, having met 
difficulties of this kind, decided to at- 


tempt the use of compressed air for 
freezing the ground prior to excavating. 
To accomplish this they equipped an air 
compressor with an air expansion cyl- 
inder mounted where the ordinary air 
compression cylinder is placed and ex- 
tended the piston rod through so as to 
connect by means of a coupling to the 
piston rod of the compression cylinder 
which was mounted on a foundation in 
line with the steam and expansion cylin- 
ders. The valves of the expansion cylin- 
ders were of the Meyer cut-off type 
and were operated by extending the 
valve stems of the steam cylinder and con- 
necting in such a way as to permit adjust- 
ing the cut off of either steam or air 
valves separately. To make a closed sys- 
tem, pipes were driven into the quick- 
sand at regular intervals, these of course 
having the bottoms closed. Air from the 
expansion cylinder was led into the bot- 
tom of these by means of small pipes 
and allowed to pass back up through the 
annular space between the inner and out- 
er pipes thus absorbing heat from the 
earth around the large pipe. The con- 
nections to these pipes were made at the 
ground surface so that the air having ful- 
filled its mission was taken back to the 
compression cylinder. Between the com- 
pression and expansion cylinders a cooler 
was placed so that the heat of compres- 
sion should be removed and incidentally 
the moisture precipitated before the air 
was expanded, this insuring a low tem- 
The air com- 
pression and expansion cylinders were 
proportioned with the idea of having their 
pressures in a ratio the same as for the 
Allen Dense Air or 
namely, 210 to 225 pounds at the end of 
compression while after expansion and 
hence in the circulating line about 455 
pounds pressure. 


perature after expansion. 


Roelker System. 


A priming pump was 
used for charging this line and supplying 
air lost by leaks. 


This outfit was on trial for a period of 
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several weeks, the temperature of the cir- 
culating air ranging from zero to 15 de- 
grees F. The results of freezing the 
quicksand were not all that could be de 
sired for it was found that there was an 
underground stream of running water 
passing around the refrigerating pipes 
which on account of its quantity would 
not permit freezing. Because of this wa- 
ter, it was concluded that it would be im- 
possible to do the work by freezing and 
the idea was abandoned and a coffer-dam 
constructed instead. 

It will be noted that the temperatures 
given above do not compare very favor- 
ably with 60 to 90 degrees below zero, as 
obtained on shipboard. This is readily ac- 
counted for, however, by the fact that 
the installations on shipboard are per- 
manent and therefore set up with greater 
care in respect to non-conducting trans- 
mission pipes, less 
temporary use only. 


leaks, etc., than for 


Some difficulty was found in the freez- 
ing of the moisture of the air in the ex- 
pansion cylinder. 
to the 
which necessitated priming the systein 
frequently with fresh air and consequently 
introducing moisture meanwhile. On 
shipboard the lines are so tightly con- 
structed that very little priming has to be 
done and the small amount of moisture is 
removed by traps. Devices for removing 
water from the line were also used on 
the Speedway work, but it not 
brought to the state of perfection it 
doubtless would have been had the effect 
of running water not made it advisable to 
take recourse to some 
doing the excavating. 


This was largely due 


leaks in the refrigerating line 


was 


other means of 

The non-success of this particular case 
should not permit us to conclude that the 
idea is not a feasible one for it is sure to 
have its field in places where it is found 
necessary to freeze ground at extreme 
depths where it would require a large 
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power to handle brine, while air would 
set up a circulation due to the unbal- 
anced condition of the warm ascending 
and the cold descending columns of air. 


Addison C. Rand. 


Mr. Addison C. Rand, president of the 


Rand Drill Company and author of 
“Uses of Compressed Air,’ died on 
March oth. Mr. Rand was born in 


Westfield, Mass., in 1841, and came of an 
old New England family. He has been 
throughout his life-time intimately asso- 
ciated with the pracitical applications of 
compressed air and ranks among the 
pioneers in the development of Rock 
Drills and Air Compressors, His career 
began in the days when efforts were 
being made to drill holes in rock by 
mechanical power, and at that time it was 
a question whether or not it would pay to 
use machinery for this purpose. Being 
connected with the powder business, he 
combined a knowledge of both subjects 
and with rare judgment and foresight 
pinned his faith upon the fact that by 
machine drilling it was possible to en- 
large the diameter of the hole and in 
this way concentrate the explosive at the 
bottom where the resistance was greatest. 
This was the strongest argument in favor 
of machine over hand drilling, and Mr. 
Rand's faith in it never wavered. He 
saw also that by the development of ma- 
chine work there would naturally be an 
increase in the explosive business, and in 
these two directions he bent his energies 
and achieved success. Later on when it 
was found that the drill business called 
for Air Compressors, Mr. Rand added 
this to his business and became one of 
our best authorities on compressed air. 
He was a close student of all things per- 
taining to his business and combined 
both business and mechanical abilities. 
His insight into mechanical things was 
keen and clear, and his inclinations 
naturally led to the manufacturing side of 
his business. His knowledge of men 
was rare and accurate, yet not at all spas 
modic, but he formed his judgment after 
careful observation and thought. 

Personally he was a man of gentle na- 
ture, kind and considerate to others and 
strong in the love and respect of his as- 
sociates. 
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He was one of the founders of the En- 
gineers’ Club of New York City, and 
held the office of treasurer. He was also 
prominent in American mining and me- 
chanical societies, a member of the Union 
League, the Colonial and Hardware 
Clubs, a director of the Ninth National 
Bank and of the Laflin & Rand Powder 
Company. 

W. LL: 3. 
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The Weight of Air. 





The properties of air and other gases 
are so different from the properties of the 
solid liquids that we can see and measure 
and handle so readily, that it is not at all 
to be wondered at that the earlier men of 
science regarded gases as intrinsically 
different, in their very essence, from the 
more familiar and tangible things of our 
daily experience. The word “gas” was 
invented by a Belgium chemist named 
Van Helmont, in the first half of the sev- 
enteenth century; and while it is not defi- 
‘nitely known where he obtained the sug- 
gestion from which the word took form, 
it is not at all unlikely that it came from 
the Dutch word “geest,” which means “‘a 
spirit,” and which is related to our com- 
mon English word “ghost.” Whatever the 
origin of the word, it is certain that the 
early philosophers considered gases to be 
essentially different from the other mate 
rials of which the world is composed. 
We do not need to discuss the views that 
they held about these things, beyond 
stating that until the year 1644 it does not 
appear to have occurred to any one that 
gases (and, in particular, air) possess the 
property of weight. But in that year the 
Italian physicist Torricelli invented the 
barometer, and proved, by conclusive ex 
periments, that air, at least, has weight, 
just as all the more substantial bodies 
haves and now, of course, we know that 
every mass of gas has a perfectly definite 
weight. 

It is not essential to our present pur- 
pose to describe, in detail, the experi- 
mental methods by which the air has been 
weighed. It will be sufficient to say that 
the general process consists in weighing 


a balloon-shaped flask twice—the first 
weighing being performed with the flask 
full of air, while the second is performed 
after the air has been all pumped out. If 
air had no weight at all, these two ex- 
periments would give identical results; 
but it is found that, as a matter of fact, 
the flask is always sensibly heavier when 
it is full. By taking the differences of the 
two weighings, we therefore ascertain the 
weight of the quantity of air that is just 
sufficient to fill the flask. Knowing this, 
we next proceed, by means of a separate 
experiment, to find out the volume of the 
flask, in cubic inches; and when this has 
been done, we are in position to calcu- 
late the weight ot a cubic inch of air, or 
of a cubic foot of it, or of any other quan- 
tity. 

Measurements of this sort are exceed- 
ingly delicate, and they can be valuable 
only when performed by experienced 
men, with the aid of the finest apparatus 
that can be made. Regnault, whose skill 
cannot be doubted, and whose apparatus 
was beyond reproach, found that at the 
freezing point of water, a cubic centi- 
meter of perfectly pure, dry air weighed 
0.0012932 of a gramme, when the barom- 
eter stood at 76 centimeters, in his labor- 
atory at Paris. To make this available for 
practical work in this country we have re- 
duced these figures to their English 
equivalents; and we find that at ordi 
nary atmospheric pressure, and at the 
temperature of melting ice (32 degrees 
Fahr.), a cubic foot of air weighs 0.080681 
of a pound.* 

It will be observed that we have care 
fully specified the pressure and tempera- 


*By ‘‘ordinary atmospheric pressure’’ we mean 
the pressure that would be exerted by a weight 
f 14.7 pounds, resting upon a base one inch 


square, at sea-level in the latitude of Washing- 
ton: and throughout this article when we use the 
word ‘‘pound’’ it is to be understood that the data 
relate always to sea-level, at Washington. We 
make this explanation in order to guard against 
possible criticism; but for the purpose of engi 
neering, no attention need be paid to this foot 
note, and the figures that we give may be used 
in any latitude, without fear of sensible error. 
The tables are supposed to be correct for Wash- 
ington; and if the force of gravity were constant 
all over the United States, they would be equally 
exact for all places in the country As a matter 
of fact, the earth attracts bodies a little more 
strongly as we go north, and a little less strongly 
as we go south; so that it is not possible to make 
a table that shall be strictly accurate for all 
places. The greatest amount by which the tables 
can be in error from this cause, however, when 
they are applied to any part of the United States 
north or south of the latitude of Washington, is 
only one-ninth of one per’ cent.—this maximum 
error occurring at Key West. 
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ture of the air, in giving weight. That is 
because the density of the air varies when 
these elements vary, unless certain condi- 
tions are fulfilled. If a given constant 
mass of air be compressed, or heated, or 
modified in any other way, its weight will 
remain unchanged, just as the weight of 
any other substance would remain uwun- 
changed under similar circumstances. The 
reason that the weight of a cubic foot of 
air varies so much under varying condi- 
tions of temperature and pressure is, that 
air is exceedingly expansible and com- 
pressible. Suppose, for example, that 


we had a light steel flask, with a 
capacity of precisely one cubic foot, 
and that we filled this box with air 


at the usual atmospheric pressure, and 
(say) at 70 degrees temperature. The air 
so confined would have a certain definite 
weight. Suppose, next, that we pump 
more air into the flask, until there is per- 
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The first experimenter to investigate 
the behavior of air, under varying pres- 
sures, with anything like accuracy, was 
the English physicist, Robert Boyle, who 
discovered the fact of nature now known 
under the name of “Boyle’s law.” As this 
law is of constant use in connection with 
steam engineering and _ other allied 
branches, it will be worth our while to 
give some account of it. The law is very 
simple and will be readily understood by 
referring to the illustrations which ac- 
company this article. On the left we have 
endeavored to represent a metal cylinder, 
standing on end, in which a definite mass 
of air confined by means of a weightless 
piston which fits the cylinder perfectly, 
and yet without the least friction. We 
cannot realize, in practice, the condition 
of an air-tight piston which is at the same 
time perfectly frictionless; but our limi- 
tations in this regard need not prevent us 
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ILLUSTRATING ‘* BoYLE’s LAw.” 


haps three times as much air in it as there 
was before. In pumping in this extra air, 
we shall materially increase the pressure 
within the flask; but that does not con- 
cern us for the moment. The point that 
we wish to make is, that the air that was 
originally in the flask weighs just exactly 
the same as it did before—no more and no 
less, but the total weight of the air in the 
flask is now greater than it was before, 
because we have forced a good deal more 
air into this one cubic foot of space than 
there was in it in the first place; and that 
is the reason (and the only reason) why 
a cubic foot of air at a higher pressure 
weighs more than a cubic foot of air at a 
lower pressure. There is simply more air 
crowded into this cubic foot, at the high- 
er pressure. 


from imagining such a thing, nor from 
learning something about what the be- 
havior of air would be, if such a state of 
affairs could be realized. For the sake of 
further simplicity, we will also suppose 
that the external air does not press down 
upon the piston at all, but that the only 
force tending to confine the air is that 
due to the 100-pound weight which is 
represented in the engraving. This 
amounts to assuming that the whole ex- 
periment that we are about to describe is 
performed in a_ closed chamber, from 
which the air has been removed by a suit- 
able pump. In practice, such experiments 
are performed in the open air, and the ef.- 
fects of the external atmospheric pres- 
sure are allowed for in the calculations 
We could pursue this latter course if we 
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chose to, but as we are not going to 
actually perform the experiment, but only 
to think of its being performed, we might 
as well think of the external atmospheric 
pressure as being entirely done away with 
by some such means as we have suggest. 
ed; for this will save all complication, and 
enable us to give our undivided attention 
to one thing that we wish to illustrate. 

We have, then, a metal cylinder in 
which a certain definite amount of air is 
confined by means of a tight-fitting but 
frictionless piston; and the only force 
tending to hold this air confined is that 
exerted by the 100-pound weight which 
rests upon the piston. We will suppose 
that the quantity of air within the cylinder 
has been regulated so nicely that the 
weight is held by it at such a height that 
the bottom of the piston is precisely 12 
inches from the bottom of the cylinder 
If there is no leakage past the piston, and 
no change in the temperature of the air 
the system will remain balanced in this 
precise condition forever (so far as we 
know). 

Now, suppose that another 1oo-pound 
weight is placed upon the piston. The 
piston will be immediately forced down. 
ward by the additional weight, and the air 
under it will be compressed, and the pres- 
sure that the air exerts against each 
square inch of the cylinder and the piston 
will be greater than it was before. There 
will be various effects produced at the out- 
set, besides the mere reduction of the air 
to a smaller volume. For example, small 
currents will be set up in the air, and the 
air will also become more or less heated 
If we wait, however, until all these cur 
rents have died out, and the air has cooled 
again to its original temperature, we shall 
find that the piston comes finally to rest 
at a position such that its lower side is 
almost precisely six inches from the bot- 
tom of the cylinder, instead of twelve, as 
it was originally. That is, by doubling the 
pressure upon the air, we have reduced 
the volume of the air to one-half of what 
it was at first—always understanding that 
the temperature of the air is precisely the 
same in both cases. If we had loaded the 
piston with three hundred pounds, we 
should have found that when the system 
finally came to rest, the volume of the 
enclosed air would be one-third of its 
original volume. If we piled 400 pounds 
on the piston, we should find that the vol- 
ume would be reduced to one-fourth of its 
original value, as shown on the extreme 
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right of the engraving; and so on, for all 
ordinary pressures. This fact, that the 
volume of air (or of any other of the so- 
called “permanent gases’) is halved by 
doubling the pressure, and so on (pro- 
vided the temperature of the air remains 
constant), is known as “‘Boyle’s law.” 

It will be plain, upon examining the en- 
graving, why the weight of a cubic foot 
(or of a cubic inch) of air varies with the 
pressure; for under a load (or pressure) 
of 400 pounds, the same air is forced into 
a space only one-fourth as great as it oc- 
cupied under a load of 100 pounds; and 
therefore its density (or, in other words. 
its weight per cubic foot, or per cubic 
inch), is four times as great at the higher 
pressure, 

We have referred, several times, to the 
necessity of keeping the temperature of the 
air constant during experiments of this 
kind, if ““Boyle’s law” is to be illustrated. 
We shall now explain briefly what happens 
when the temperature of the air is not 
kept constant; and we shall find that the 
effects of change of temperatureare almost 
equally as simple as the effects of change 
of pressure. In the interest of simplicity 
it will be well to state, at the outset, that 
physicists are in the habit of reckoning 
temperatures, not from the arbitrary zero 
of the Fahrenheit scale, but from a point 
which is approximately 460° Fahrenheit 
below this zero. The scientific starting 
point, or zero, so determined, is called 
the ‘‘absolute zero,” because it is be- 
lieved to be the temperature at which 
all bodies are totally destitute of heat; and 
temperatures reckoned from this “abso- 
lute zero” are called “absolute tempera 
tures.” To illustrate: The freezing point 
of water, on the ordinary Fahrenheit 
scale, is at 32°; and the “ absolute temper- 
ature” of this point will therefore be 460° 

32° or 492°. Again, the boiling point 
of water, under one atmospheric pressure, 
is 212° on the ordinary Fahrenheit scale ; 
and therefore the “absolute temperature” 
of this point is 460° +. 212° or 672°. 

With this much understood, we are 
now prepared to state what is known as 
“Gay Lussac’s law” (or “Charles’ law’); 
which is, that if the pressure exerted upon 
a given mass of air (or any other “per- 
manent gas”) be kept constant, the vol- 
ume of the air (or gas) will vary propor- 
tionately to the “absolute temperature” 
of the gas. For example, consider the 
second of the engravings accompanying 
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this article, where the air is confined by a 
total weight of 200 pounds. Let us sup- 
pose that this air, at the outset, is at the 
freezing point, or at 32° on the ordinary 
Fahrenheit scale; and let us imagine the 
air to be heated, in some way, until its 
temperature becomes 524° on this same 
scale, the load of 200 pounds being kept 
constant all the while. To find out how 
much the air will expand under these 
circumstances, we first convert the ordinary 
temperatures, given above, into ‘‘ absolute 
temperatures,’ by adding 460° to each of 
them. We have 460° plus 32° or 492°, 
and 460° plus 524° or 984%. Now “Gay 
Lussac’s law”’ states that so long as we 
keep the pressure constant, the volume 
will increase proportionately to the ‘‘abso- 
lute temperature;” and since 984 is just 
twice as great as 492, it follows that the air 
will expand, under the stated conditions, 
until its volume is precisely double what it 
was at the beginning. That is, the mass of air 
shown in the second illustration will push up 
the load of 209 pounds until the piston 
comes into the position shown in the first 
of these illustrations. 

By means of the laws of Boyle and Gay 
Lussac, we can calculate the way in which 
the volume of a given mass of air will 
vary under any imaginable circumstances 
of pressure and temperature, and hence 
we can calculate how much a cubic foot 
of air will weigh at any proposed temper- 
ature and pressure, when we once know, 
by experiment, how much such a volume 
of air will weigh under certain definite 
standard conditions—say at one atmos- 
phere pressure, and at the temperature of 
freezing water. Regnault’s labors, re- 
ferred to earlier in this article, showed 
that a cubic foot of air exposed to a pres- 
sure of 14.7 pounds per square inch and a 
temperature of 32° Fahr., weighs .080681 
of a pound (or 1.29 ounces). 

The atmosphere that surrounds us 
buoys up everything that is submerged in 
it, just as water does, only not to so great 
an extent. If a cannon ball is submerged 
in water, the water buoys it up by an 
amount which is precisely equal to the 
weight of a mass of water having iden- 
tically the same size and shape as the 
cannon ball itself; and when the cannon 
ball is submerged in air, instead of in 
water, the surrounding air buoys up the 
ball by an amount which is precisely 
equal to the absolute weight of a mass of 
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air having the identical size and shape of 
the cannon ball; and so on with any other 
fluid or gas, whether it is water or milk 
or carbonic acid gas or coal gas or any- 
thing else.—The Locomotive. 
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Compressed Air in Europe. 





The delivery-wagon represented here- 
with, constructed by Messrs. Molas, La- 
mielle and Tessier, was exhibited at the 
second Exposition des Tuileries, where it 
attracted considerable attention by reason 
of the relative simplicity of arrangement 
of its maneuvering devices and the limited 
amount of space occupied by the motive 
apparatus. 

In this vehicle, the air-storage reser- 
voirs employed consist of hammered steel 
tubes of 8-inch external diameter, the ra- 
tio of the weight of which to that of the 


. . 178 1 : 
air stored up is 755 = gag- The heating 


is done directly by gasoline, instead of by 
steam from a boiler, as in the Mekarski 
system; the manufacturers being of the 
opinion that, since a direct heating of the 
air permits it to be raised to a temper- 
ature much higher than that which would 
be obtained by means of heating by 
steam, they obtain also a greater increase 
of volume and, consequently, of work 
that compensates for the heating during 
expansion obtained with the above- 
named system. 

The stove, burners, and gasoline res- 
ervoir used for heating have here a 
feeble weight as compared with the ar- 
rangement in which a boiler is employed. 
The ratio of the weight of air stored up 
to that of the reservoirs and heating ap- 
paratus does not descend below j35- 

The air reservoirs are eleven in num- 
ber and are distributed in two groups, 
one of six forming the “ battery,” and the 
other of five constituting the “ reserve.” 
The capacity of these groups is, respec- 
tively, Ir and 7.5 cubic feet, or, alto- 
gether, 18.5 cubic feet. 

With a charging pressure of 4,290 
pounds to the square inch, the weight of 
air stored up, at a temperature of 13° 
C, is 1,100 x 2.7 x 638 = 392,370 pounds. 
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Before its admission to the cylinders of 
the motor, the air passes into a steel 
worm of .28-inch internal diameter, of 
14-inch thickness, and of a length of 19.7 
feet, which raises its temperature to a 
figure that varies with the discharge of 
air and the intensity of the burners that 
heat the worm. The temperature may 
thus reach 150° C. The air afterward 
passes into an expander (maneuvered by 
the driver), which lowers its pressure by 
about from II to 44 pounds, according 
to the difficulties of the road, the load 
and the speed. This expansion of the air 
gives rise to a lowering of the temper- 
ature, in order to raise which, the air 
thus expanded is made to pass into a sec- 
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piston, and the motor is thus a single 
acting one. But the cylinders are four 
in number, and cast in pairs, and the 
connecting rods (jointed directly to the 
pistons) actuate the same _ shaft, the 
cranks of which are set at an angle of 
180° per group, and at 90° from one 
group to the other. The motor thus has 
the same power as a two-cylinder double- 
acting engine. The arrangement adopted 
offers numerous advantages, and permits 
especially of suppressing the shocks at the 
joints of the connecting rods that occur 
in double-acting engines at the time of 
the change of direction of the piston; of 
doing away, with piston-rod _ stuffing- 
boxes, which it is often difficult to keep 

















COMPRESSED AIR DELIVERY WAGON USED IN PARIS. 


ond worm concentric with the first and 
heated by the same burners. When the 
air makes its exit from this second 
worm, its temperature may be as high 
as 250°. It is claimed that this double 
heating is capable of more than doubling 
the volume, and, consequently, the work 
of the air stored up. This air is then 
admitted to the cylinders through an 
expansion distribution with a _ special 
change of speed. The admission takes 
place upon only one of the faces of each 


tight, and which absorb a certain amount 
of work in friction; of removing and put- 
ting in place a connecting rod and its 
piston without having to dismount a 
cylinder bottom. 

The space available for a motor under 
the seat of a carriage is sufficient width- 
wise, but not lengthwise; and so the mo- 
tor must occupy more space in the for- 
mer than in the latter direction. Now, 
two double-acting cylinders of the same 
bore, placed either longitudinally or ver- 
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tically, always take up more space than 
the single-acting four-cylinder arrange- 
ment adopted; and from this fact, it has 
been possible to have a greater available 
space for occupancy by the reservoirs of 
compressed air. 

The distribution is effected by means of 
cams and valves. The opening of the lat- 
ter takes place very rapidly. Their clos- 
ing, on the contrary, occurs gradually, 
and is hastened or retarded through the 
shifting of the reversing lever, according 
to the admission that is desired. The 
minimum admission employed is Io per 
cent., but this may be increased to 60 per 
cent. for starting. The exhaust and the 
compression are fixed, and have a dura- 
tion of 20 per cent. of the stroke of the 
pistons. 

There is no special cut-off of fluid be- 
tween the expander and the cylinder ad- 
mission valves. These latter open wide 
for all admissions between 10 and 60 per 
cent. of the forward and backward run- 
ning of the engine. 

The burners, which are three in num- 
ber, are arranged beneath the worms in 
an iron plate-jacket 10.75 inches in diam- 
eter and 12 inches in height, surmounted 
by a chimney which leads the gases of 
combustion to the top of the roof of the 
vehicle. The burners are supplied by a 
gasoline reservoir of a capacity of about 
ten quarts in which an air pressure of 
from 45 to 70 pounds to the square inch 
is created. The pipe that leads the gaso- 
line to the burners may be _ partially 
closed by a screw plug. Through such 
arrangements, it is possible for the driver 
of the wagon to proportion the intensity 
of the heating to the output of air, so as 
to obtain a temperature that is always 
sensibly the same. 

The quantity of gasoline consumed by 
the burners is about 15 ounces per hour 
of running; but this might easily be in- 
creased if it were found that the oper- 
ation of the motor became thereby more 
economical. 

The motor rests upon the floor of the 
carriage, beneath the seat ocupied by the 
driver, who can thus examine it while it 
is running. Its rotary velocity for a 
speed of five miles an hour made by the 
vehicle is 200 revolutions per minute. 
The transmission is effected by means 
of chains of the “ Varietur” system, 
which connect two sprockets, keyed at 
the extremities of the driving-shaft, with 
two toothed wheels of six times larger 


diameter fixed through bolts to the 
spokes of the hind wheels. The power of 
the motor, upon the crank-shaft, is 20 
horse at a velocity of 300 revolutions, and 
at a pressure of 285 pounds. 

The differential consists of two friction- 
cones fixed near the extremities of the 
driving-shaft and actuated by the steer- 
ing apparatus. The control of these 
cones is such that, in a turning about, 
the adhesion of the one that is situated at 
the side of the internal wheel diminishes 
in such a way as to permit of a certain 
amount of sliding of the cone in its sock- 
et, and, consequently, of a retardation in 
the revolution of the corresponding 
wheel; while the adhesion of the cone 
situated at the side of the wheel that is 
to traverse the wide radius increases, so 
that no sliding in its socket can occur, 
despite the greater resistance of the wheel 
that is moving ahead. 

The pivoting can thus be effected upon 
a driving wheel that is rendered abso- 
lutely immovable, from the view-point of 
revolution, and, consequently, in a circle 
having as a radius the distance of such 
wheel from the opposite wheel of the’ 
front axle, and that, too, in running for- 
ward as well as backward. 

The steering is done by means of a 
hand wheel keyed upon the axis of an 
endless screw, which gears from a 
toothed wheel keyed upon the shaft of 
the reversing gearing situated beneath 
the vehicle. An indicator placed before 
the eyes of the driver exactly reproduces 
the changes in direction of the axis of the 
vehicle’s path, and thus permits him to 
keep in a straight line. 

The intermediate screw lengthens the 
maneuvering, but renders it sure, stable 
and gentle. Such an arrangement, how- 
ever, offers advantages only for heavy ve- 
hicles designed for running always at a 
low speed. 

Finally, let us say that the accumula- 
tors are placed longitudinally under the 
floor of the vehicle in two superposed 
rows, and are connected by easily acces- 
sible couplings placed in the rear. Mov- 
able panels permit of an inspection and 
of a tightening of the joints and coup- 
lings. 

The motor and vehicle as a whole are 
well elaborated and denote upon the part 
of the manufacturers the possession of 

real ingenuity and a complete knowledge 
of the question with which they had to 
deal.—The Automobile Magazine. 
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Ventilation of the St. Gothard Tunnel. 


Up to the year 1890 the differences of 
air pressure in the two ends of this double 
line tunnel (length 9% miles), and the 

- resulting through current of air, was suffi- 
cient to keep the atmosphere pure enough 
for platelayers to work comfortably in, 
but after that date the traffic increased so 
much that it became necessary to resort 
to artificial ventilation, and in March of 
1899, a complete plant on Saccardo’s sys- 
tem was set in operation to effect this ob- 
ject. 

The installation, which is situated at the 
north end of the tunnel, consists of a loco- 
motive driving two fans, each five metres 
(16.4 ft.) in diameter. These fans com- 
press air into a chamber surrounding the 
face of the tunnel, from whence it issues 
through an annular aperture and in a 
southerly direction along the tunnel, 
dragging the mass of air in the body of 
the tunnel along with it, on the same 
principle as the steam injector. 

Since the plant has been in operation 
the air in the tunnel has been pure and 
free from smoky smell, and besides facil- 
itating the work of platelaying and in- 
spection it is expected that the permanent 
way will have a longer life under the new 
conditions. The cost of the installation, 
exclusive of the locomotive, was about 
‘£7,200. 

British Compressed Air Tramways 
Company, Limited. 








This company was registered on Jan. 
8, by Ashurst and Company, 17 Throg- 
morton Avenue, E. C. Capital, £75,000, 
in £1 shares. Objects: To adopt an 
agreement made between the Electric and 
General Contract Corporation, Limited, 
and this company; to acquire, use, exer- 
cise, develop, grant licenses in respect 
of or otherwise turn to account any in- 
terests in any patents, brevets d’invention, 
licenses, concessions, and the like, con- 
ferring an exclusive or non-exclusive or 
limited right to use, or other informa- 
tion as to any invention in relation to 
mechanical traction and the production, 
treatment, storage, application, distribu- 
tion-and use of compressed air and elec- 
tricity, and for any apparatus, plant, ma- 
chinery and appliances used in connection 

_ therewith for the working of tram and 
railroads; to establish and maintain tele- 
graph and telephone systems, electric 
lighting, hydraulic and other works, and 
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the equipping of any such undertakings 
or works with mechanical traction, elec- 
trical and other plant, stock and appa- 
ratus, and generally to acquire and work 
any invention capable of being used jn 
connection with the above; to acquire 
and turn to account any real or personal 
property, etc. The signatories are: A. D, 
Brown, 31. Reighton Road, Upper Clap- 
ton, N. E.; E. Wyatt, Bangor House, 
Lausanne Road, Hornsey, N.; A. J, 
Swan, 20 Marsden Road, E. Dulwich; 
E. G. Church, 80 Leander Road, Brix- 
ton Hill; R. A. Stebling, 6 Penford 
Street, Camberwell; T. E. Goss, 6 Great 
Woodstock Street, W.; P. E. Harris, 34 
Walcot Square, S. E. 
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A pretty little air pump just large 


enough to set almost anywhere is man- 
ufactured by the Auto-Electric Air 
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Automatic Air Pump. 





Pump Co., 39 Cortlandt street, New 
York. 
It consists of one six horse power 


electric motor, which can be arranged to 
operate by 110 volt continuous current, 
alternating current or storage battery as 
desired and an air compressing cylinder 
three inches in diameter by three inches 
stroke. Both the motor and the cylinder 
are mounted on a square cast iron base 
as shown in fig. 1. The whole apparatus 
occupies a space of ten inches square and 
is enclosed in a glass case. When power 
is applied the motor operates the pump, 
producing a volume of air of 2.25 cubic 
feet per minute at 100 revolutions, enough 
to do a certain work such as operating 
dentists’ tools, physicians’ atomizers, 
pumping ale, beer or mineral waters, 
pumping tires, operating clocks and pro- 
viding power for innumerable small 
works. Photographers, monumental de- 
signers, lithographers, architects and me- 
chanical draughtsmen, also those who 
color photographs, lithographs, etc., will 
greatly improve their work and save time 
and annoyance by the use of this air 
pump. An illustration is given in the 
cover showing its use for artists. With 
the use of the foot pump to furnish air 
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for the air brush, it has always been a 
matter of wonder how an artist could 
operate a pump with his foot and do good 
work with his hand. The Auto-Electric 
Pump operates automatically. It needs 
no attention beyond starting and it then 
starts and stops itself, maintaining a 
constant pressure at a desired point. 
The use in which this apparatus finds 
its greatest utility is in pumping beer and 
other liquids in saloons, etc. It takes the 
place of carbonic acid gas and the con- 
sumer is benefited by the change, as he 
gets only the natural effervescence instead 
of a highly charged gas in his beverages 
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style pump were from $18 to $24 per 
month. Since using this pump water 
bills run from $1 to $2 per month. To 
do the work mentioned the cost does not 
exceed 50 cents per month for electric 
current. The pump is capable of pump- 
ing from 20 to 30 barrels a day. 





The Mason Painting Machine. 





It seems as if only a small number of 
people had heard of painting by com- 
pressed air, notwithstanding the many 
references made to it in this and other 





ELECTRIC DRIVEN AIR PUMP FOR SMALL DUiIES. 


The cost to the user is very much re- 
duced and there is no refilling of reser- 
voirs and consequent annoyance. Al- 
ready numbers of saloons have adopted 
the air pump. One user says he draws 
from eight to ten barrels of beer and ale 
per day, and previous to running this 


pump his water bills for running the old 


journals, and we constantly receive in- 
quiries asking for information regarding 
this interesting process. A painting ma- 
chine usually consists of a vessel for con- 
taining oil or cold water paint and a 
means for forcing it through hose to a 
spraying nozzle by which it is applied. 
At the point where it is ejected it is 
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met by a small stream of air which atom- 
izes the paint and thus puts it under con- 
trol so that it may be sprayed on the sur- 
face to be painted. That is the operation, 
but much depends upon the construction 
of the machine itseli, for if not properly 
constructed it fails in the most import- 
ant features. In some cases it has been 
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The Mason Painting Machine consists 
of a hand air compressor, with a steel 
tank for storage of liquid paint or white- 
wash and the air. It has no rubber 
valves to be destroyed by any chemicals 
which may exist in material used. No 
material can get at the valves or any 


part of the mechanism (which is ex- 


THE MASON PAINT MACHINE. 


found impossible to operate home made 
machines or machine made on wrong 
principles. 

A very successful machine for this pur 
pose is the “Mason,” manuiactured by 
the Alden Speare’s Son Co., 74 John 
street, New York. 


tremely simple in its construction), to 
put it out of order. By an ingenious de- 
vice the paint is automatically kept agi- 
tated and settling prevented. Only forty 
pounds pressure required to operate it, 
and the tank is guaranteed to stand a 
pressure of two hundred pounds. It can 
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be operated either by hand or power. It 
will apply with equal economy and facil- 
ity oil paint, cold water paint or white- 
wash. It is complete in itself, but can 
be arranged to be used in connection 
with a supply of air when such is at 
hand. 

The cut herewith shows the construc- 
tion of this machine in complete working 
order. The Speares Company are manu- 
facturers of cold water paint, and the de- 
mand for an apparatus for properly ap- 
plying their product led them to adopt 
this one and manufacture it to accommo- 
date their patrons. A full knowledge of 
the requirements qualify them in offer- 
ing it with assurances of satisfaction to 
the user. 





The Quick Power. 


An Improved System for Pumping Oil 
Wells by the Use of Compressed Air. 
The third of a series of patents cover- 

ing a process for pumping oil wells has 
just been issued to Mr. M. W. Quick, of 
Titusville, Pa., and as this system involves 
many new features and promises to sup- 
plant all other pumping powers, the Der- 
tick has caused an investigation to be 
made, and is able to present the first au- 
thentic account of the invention and to 
furnish those interested in the produc- 
tion of oil with the main points which dis- 
tinguish the Quick system from all oth- 
ers. 

In this system air is compressed to 
from 14 to 17 pounds initial pressure; 
conducted through the field in pipes; to 
the main line, latteral lines run to the 
wells and connect the motors employed 
in pumping; the utilized air is exhausted 
into a secondary system of pipes which 
conduct it back to the compressor for 
restoration in its original pressure. The 
utilized air is thus kept in continuous 
circuit and meterological changes in the 
atmosphere are prevented from interfer- 
ing with. either the compressors or 
motors. 

The crowning feature in this invention 
is am automatically actuated valve con- 
nected with each motor, which regulates 
the pumping strokes by the quantity of 
fluid pumped. A well that has accumu- 
lated a head of oil will be pumped with 
regular strokes at the rate of from 15 to 


30 per minute until the fluid is exhausted 
when the pumping motion is suspended, 
or reduced to a speed so slow that the 
eye cannot detect it; until there is an ac- 
cumulation of fluid, when the regular 
strokes again pump it off. 

Mr. Quick has also succeeded in bring- 
ing the speed of a gas engine under auto- 
matic control so that it is regulated en- 
tirely by the consumption of air in oper- 
ating the wells. An engine so regulated 
will start up at the rate of say 250 strokes 
per minute, provide power for pumping 
off the wells, and then the increased pres- 
sure will check the engine down to the 
lowest safe speed or to about 100 strokes 
per minute. An engine so regulated re- 
sponds to the requirements for power as 
readily as does a steam engine with a 
Fisher governor, and the adjustment can 
be made for any desired maximum and 
minimum speed. 

The advantages claimed for this system 
are many, among the most radical of 
which we present the iollowing as being 
fully demonstrated in the operation of the 
powers now showing practical results: 

Each well is operated separately and 
can be run with any desired speed, the 
lifting stroke being with the same rapid- 
ity whether the stroke during a given 
time are few or many. 

A given production can be pumped 
from one well, or from a number of wells 
with the same consumption of central 
power. 

Each well connected with the system is 
operated by an individual air motor, the 
strokes of which are automatically reg- 
ulated by the fluid pumped. 

The requirements for initial power are 
in perfect harmony with the final results 
obtained. 

There is no “churning” of the fluid by 
unnecessary pumping and the formation 
of rod wax is obviated. 

The natural gas pressure may be main- 
tained in wells for the purpose of forcing 
the product into the drill holes. 

By the operation of the motors a 
pumper is enabled to locate interferences 
with the pumping outfit and decide 
whether it is leaky tubing, stuck valves, 
worn cups or parted rods. 

The rapid lift and comparatively slow 
drop permits running sand to settle with- 
out interference with the working valves. 

Lines for the transmission of power 
may be buried where they’ extend 
through towns or cultivated fields. 
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Railroad and other crossings, uneven 
surfaces, precipitous bluffs and streams of 
water present no obstructions to the 
transmission of power. 

The system is not interfered with by 
brush fires, falling trees, ranging cattle, 
ice, snow or storms. 

The central power plant may be located 
at any desirable point where it can best 
have attention. 

There are no wearing joints requiring 
attention and repair. 

There are no distance limits in the 
transmission and distribution of power. 


Compressed air from the system may 
be employed in operating field pumps for 
gathering oil, for deliveries to pipe lines 
or for pumping water. 

The lightest pipe may be employed, old 
engines changed into efficient compress- 
ors and the materials so employed con- 
tinued in service indefinitely. 

The wear of cups, working valves and 
rods is reduced to the lowest possible 
minimum and wells require less roust- 
about attention. 

A pumper can run a greater number of 
wells, get along with less tools, use less 
fuel. have little if any expense account 
and get better production results. 

The system may be installed during any 
season of the year and in far less time 
than is necessary to put in pull powers. 

At the present time three Quick powers 
are in successful operation; two on prop- 
erties of the United States Oil Co. at 
Saint Marys, W. Va., and one on the 
property of the McGraw Oil Co. (in 
which Mr. Quick is interested, near Tidi- 
oute, Pa). 

On the property of the McGraw Oil 
Co. 23 wells, covering a field about three- 
fourths of a mile long, are being pumped 
with a 16x12-inch compressor (made from 
an old oil well engine) and an expendi- 
ture of about six-horse power. 

The perfection of this system has ac- 
cupied the attention of Mr. Quick and his 
associates for more than three years, dur- 
ing which time many additions to the junk 
pile have been made. At the present 
time, however, it is not known in what 
direction improvements are either pos- 
sible or desirable. In fact, success far be- 
yond anticipations has been the reward 
for persistent efforts.—Oil City Derrick. 
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The Liquefaction of Air. 
Demonstration in Dundee. 


Its Commercial Value. 

An interesting demonstration of the 
liquefaction of air was given in University 
College, Dundee, Scotland, recently. The 
proceedings took place in the chemistry 
lecture room, and there was a large at- 
tendance of members of the society and 
friends. Professor Waymouth Reid, who 
presided, said it was a tradition of the 
society that as soon as any important 
scientific discovery was made it was prac- 
ticaily demonstrated to the public of Dun- 
dee. In conformity with this time-hon- 
ored practice this lecture had been ar- 
ranged to show how air could be reduced 
to a liquid form. Professor Kuenen would 
give the necessary explanations. Unfor- 
tunately the college could not supply him 
with the apparatus, but they had been 
able to secure the services of Mr. W. 
Hampson, London, one of the experts of 
the Brins Oxygen Company, who had 
brought the apparatus he had himself in- 
vented to Dundee. The apparatus to be 
used had been made for Dr. W. R. Lang 
of Glasgow University, who was also 
present, and who had kindly consented to 
it being employed that evening. (Ap- 
plause.) 

An Interesting Imagination. 

Professor Kuenen said the subject of 
liquid air had been brought prominently 
before the public of late, chiefly in con- 
nection with magazine articles, originat- 
ing largely from a country which, among 
its qualifications, was celebrated for an 
enterprising imagination that scorned to 
be hampered even by truth or by prob- 
ability. (Laughter.) Apart from the at- 
tractiveness of the subject of the lecture, 
he was supported by the chairman, who 
with his usual generosity had offered him- 
self as an object of experiment without 
imposing any limiting conditions. 
(Laughter.) ‘That afternoon he offered to 
drink liquid air, but he would not be 
asked to do that. (Laughter.) He was 
also supported by Mr. Hampson, whose 
ingenuity as an inventor was equal to his 
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skill as a demonstrator. (Applause.) 
While Mr. Hampson was preparing his 
apparatus, he (the Professor) would make 
a few remarks on the principle on which 
the production of liquid air was carried 
out. If a quantity of air at an ordinary 
temperature was compressed into about 
800 times as small a volume there would 
be produced a very dense gas, so dense 
that it would resemble ordinary liquid in 
regard to the way in which it acted on 
light—it would refract light as a liquid; 
and it would be acted on by electric and 
magnetic forces in the same way. At the 
same time it would not be liquid air, be- 
cause they would not have that condition 
in which the lighter portion was separated 
from the heavier portion by means of 
a liquid surface. If carbon dioxide was 
pressed into a cylinder it separated into 
two layers—there was a liquid and a 
vapor part. It was more than a century 
ago since the first gas—ammonia—was 
liquefied in that way, and in the course 
of this century—he meant the nineteenth 
century—(laughter)—all the other known 
gases had been liquefied, and two impor- 
tant facts had been discovered in the pro- 
cess—first, that the lower the temperature 
the more easy would the gas be liquefied 
by compression, and, second, that gases 
which resisted liquefaction by pressure 
might be liquefied by a sufficient lowering 
of the temperature. Carbon dioxide at 
20 degrees C. required a pressure equal to 
50 atmospheres to liquefy it; but if the 
temperature was reduced to freezing point 
(32 degrees Fahr.) it would only require 
35 atmospheres to liquefy it. There were 
seven gases—called the permanent gases— 
which could not be liquefied by compres- 
sion, but they could be liquefied by re- 
ducing the temperature. The temperature 
which they must get below before gases 
could be liquefied was called the critical 
temperature. Air could be liquefied if the 
temperature was reduced below 220 de- 
grees Fahr. The boiling point of a sub- 
stance was the temperature at which one 
atmosphere was sufficient pressure to keep 
the substance in a liquid state in an open 
vessel, and the boiling point of air was 
—314 Fahr., or 346 degrees below ordi- 
nary freezing point. The next question 
was—How to reduce the temperature of 
air to that low degree? It could either be 
done by cooling it from the outside or by 
making it cool itself. People thought 
that by taking exercise or doing work 
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they could get warm, but it had been 
shown that heating was only a secondary 
effect of doing work, and they could make 
the gas cool itself by making it work, 
It had been shown by Joule and Lord 
Kelvin that when air was allowed to fall 
from a high to a low pressure it cooled 
itself. But that would not be sufficient to 
bring it down to —192 degrees C., which 
was the boiling point of air, and Mr. 
Hampson had combined that principle 
with the principle of cooling by expan- 
sion. The general working of the system 
was that the air was first compressed into 
a cylinder at 150 atmospheres, and by 
means of a copper tube it passed into an 
exhaust cylinder, in which by expansion 
it cooled 40 or 50 degrees. In the ex- 
haust cylinder there were over 100 yards 
of stout copper tubing, through which the 
compressed air passed, and as it flowed 
into the cylinder and expanded and cooled 
the temperature got lower and lower by 
the successive action of each quantity of 
incoming compressed air, till it reached 
—192 degrees C., when the air passed into 
a liquid form. It was then drawn off 
from the apparatus by means of a Dewar 
vacuum tube and placed in an open ves- 
sel for experimental purposes. The nitro- 
gen in the air was more difficult to liquefy 
than the oxygen, and by exposure to the 
ordinary air the nitrogen returned more 
rapidly to its original state than the oxy- 
gen; so that after a short time the liquid 
was almost wholly pure oxygen. The 
liquid air now produced was the first that 
had ever been seen in Scotland, and they 
might be proud that it had been first pro- 
duced in Dundee. (Applause.) As mat- 
ter of fact, there had never before been 
such intense cold in Scotland, even in the 
glacial period. (Laughter.) 

Mr. Hampson then carried out a num- 
ber of experiments by means of the liquid 
air, such as have been referred to fre- 
quently in this journal. 





Microbes Thrive on Liquid Air. 


At the meeting of the Royal Society at 
Burlington House a paper was read de- 
scribing some of the results of a remark- 
able investigation which has Been under- 
taken by Professor. Dewar, Sir James 
Crichton-Browne, and Professor Macfad- 
yen. “These gentlemen have submitted a 
large number of disease-causing microbes 
—those responsible for typhoid fever, 
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diphtheria, cholera, and others—for pro- 
longed periods to the temperature of 
liquid air, which is 190 Centigrade, and 
have found that they are not a bit the 
worse. After 20 hours of this frigid regi- 
men these lively bacteria proved as lively 
as ever, and set up with punctuality and 
precision their appropriate maladies. The 
microbes are to have a dose of liquid 
hydrogen shortly, and it is said if they 
can stand that they will stand anything. 





Combustion in Liquid Air. 





When air is liquefied, nitrogen and oxy- 
gen condense simultaneously, so that the 
liquid has the composition of the gas 
mixture in the air. As soon, however, as 
evaporation recommences, the composi- 
tion begins to change. At first the es- 
caping gas is essentially nitrogen. After 
a while the vapors again contain the two 
gases in the proportions in which they 
are found in the atmosphere. That point 
occurs when about 70 per cent. of the 
liquid has evaporated, and 81 per cent. of 
the original nitrogen, and 35 per cent. of 
the oxygen have escaped; the remaining 
liquid contains the two bodies in equal 
proportions, afterward oxygen begins to 
predominate in the vapors. These num- 
bers concern evaporation at atmospheric 
pressure. In vacuo, the evaporation of the 
two gases proceeds more rapidly; at in- 
creased pressure, more slowly. The 
changes may be observed with the help 
of a glowing chip of wood. At first the 
wood will be extinguished, when held 
over the liquid; then it will brighten wp, 
and when dipped into the liguid burn in- 
tensely. Powdered carbon, soaked with 
liquid air, puffs away like gunpowder on 
ignition, and explodes when a detonator 
cap is employed. This seems very 
strange when we think of the exceedingly 
low temperature of the liquid, —180 de- 
grees C.; and in a paper brought before 
the Bavarian Academy of Science, Carl 
Linde expresses the opinion that we may 
have to modify our views on the nature 
of explosions. Petroleum, absorbed by 
kieselguhr or powdered cork coal, can be 
saturated with liquid oxygen. Such a mix- 
ture explodes even when not confined. 
Cartridges filled with it cause others, 
placed at a distance of 25 centimetres (10 
in.) from them to explode, while with the 
highest explosive so far known, blasting 
gelatine, cartridges 15 centimetres away 


from the detonating cartridge remain in- 
active. Linde has tested this preparation 
at Schlebnoch. Within a steel bomb of 
20 litres capacity blasting agents are ex- 
ploded by means of fulminate of mercury. 


The gas pressure is registered by a piston, 


on a drum which has a circumferential 
velocity of 330 centimetres (10 ft.) per 
second. The petroleum-liquid air prepa- 
ration gives a curve which demonstrates 
that the maximum pressure surpasses that 
obtained with blasting gelatine, and is 
reached in a shorter period of time. The 
preparation was simply wrapped in paper. 
It is singular that such a mixture should 
burn more rapidly, in spite of its low 
temperature, than any solid or liquid com- 
pound we know at ordinary temperatures. 
—Engineering. 





For the information of those who desire 
to get liquid air for experimental or other 
purposes we are authorized to say that it 
can be obtained of the General Liquid Air 
& Refrigerating Co., St. Paul Building, 
New York, at anytime. By applying for 
it by mail a circular will be sent, giving 
particulars as to cost and other informa- 
tion. 

Owing to the demand from many sources 
the Company has been obliged to keep a 
supply constantly on hand. 
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Ipswich Engineering Society. 


Compressed Air and Pneumatic Tools. 








A general meeting of the newly formed 
Ipswich (Eng.) Engineering Society was 
held on Monday evening at the Museum. 
Mr. Leonard Turner occupied the chair, 
and there was a large attendance of mem- 
bers. After the transaction of some for- 
mal business, the chairman called upon 
Mr. W. Reavell, M. I. N. A. (Vice-Presi- 
dent), to read a paper on ‘Compressed 
Air and Pneumatic Tools.” 

Mr. Reavell, in opening the subject of 
a paper which was partly read and in a 
larger degree illustrated by references to 
and explanations of diagrams, said he was 
one of those who had a profound belief in 
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ithe ubiquitous future of the profession of 
-engineering. ‘l‘here was scarcely any oc- 
-cupation the carrying on of which had not 
been rendered less arduous by the modern 
engineer. He had improved our means 
_ of locomotion in city and country by the 
electric tram car, the motor car, and the 
bicycle; he had provided a new form of 
gas lighting by the aid of the incandes- 
cent mantle, and furnished us with a still 
better artificial method of illumination in 
the electric light—to which the gas spe- 
cialist had replied by invading our kitch- 
ens and cooking our food in a more 
cleanly and easily regulated manner than 
we had previously; he had given us ma- 
chines for cleaning knives and boots, and 
sweeping carpets, while rumor had it that 
from America, the birthplace of many of 
these useful inventions, there would short- 
ly come the automatic charwoman. 
(Laughter.) In warfare, they found that 
cur guns—and still more, unfortunately, 
those of our enemies—exceeded in range, 
precision and rapidity of fire, those used 
in the Franco-German war. The engineer 
had also furnished traction engines, for 
carrying supplies to our troops, which 
would eventually prove far superior to the 
horses and mules hitherto employed; he 
had given us telegraphic, telephonic, and 
heliographic apparatus to communicate 
with forces whom we could not join hands 
with, and in many other ways he assisted 
our army and navy in their arduous work. 
Every thoughtful man, reflecting on these 
matters, must see at once the wide field 
of enterprise that had been opened up by 
the progress of engineering science. It 
was equally obvious, too, that the com- 
petition which England had to meet al- 
ready would become still keener in the 





future. To discuss the various reasons 
which had been operating in bringing 


America and Germany to the forefront of 
the nations in this respect did not come 
within the scope of the paper. The fact 
remained that they were our keenest riv- 
als, and it was significant that their 
growth in political and national import- 
ance had been synchronous with their ad- 
vancement in engineering pursuits. His 
object was to point out that they should 
not be above studying the methods of 
other nations, and drawing lessons there- 
from for application at home. This 
brought him to the first point with which 
he had to deal—the necessity of reducing 
‘the amount of manual labor in engineer- 
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ing construction. In calculating the cost of 
the articles they manufactured, it was the 
labor cost which principally engaged their 
attention. There were times, like the 
present, when the cost of materials did 
cause some variations in their estimates, 
byt, generally speaking, the difference be- 
tween profit and loss, on many of the ar- 
ticles they manufactured, depended largely 
on their labor cost, and the employer or 
manager was always looking out for means 
of reducing this cost. Leaving on one side 
that night any consideration of the rela- 
tive values of piece-work, bonus work, or 
other ways of bringing about what Prince 
Krapotkin called the ‘intensification of 
labor,” so as to get the larger output from 
their men, he proposed to consider only 
how far this output could be increased by 
mechanical aids. It was natural that the 
country where skilled labor was paid the 
highest wages should be the birthplace of 
labor-saving appliances, and this was the 
reason why America had shown the most 
rapid development on these lines. The 
American manufacturer had to face the 
problem of reducing the labor cost of his 
goods to a sufficiently low figure to en- 
able him to compete with us in our own 
markets, and this in spite of the fact that, 
roughly speaking, he paid twice as much 
per week for each mechanic. The prob- 
lem was not solved all at once. English 
goods were at one time, of course, the 
rule in America, and the necessary help 
to foster their own industry had to be ob- 
tained by erecting a wall of tariffs against 
our goods. As their own industries grew, 
the high price of skilled labor caused the 
manufacturer to devise means for increas- 
ing the output of each machine, and the 
outcome of this was seen to-day in the 
numbers of automatic or semi-automatic 
machines, for duplicating work, which 
are now on the market. Mr. Reavell 
went on to show how both hydraulic and 
pneumatic power, as well as steam power, 
is now used for this purpose. In regard 
to hydraulic tools, it appeared that great- 
er strides have been probably made in this 
country than in others; but the pneumatic 
tools are still comparative novelties in 
our workshops, and it was upon this part 
of his subject that Mr. Reavell spoke at 
greater length. He described various 
types of air compressors, including one of 
his own invention and bearing his name. 
To translate the scientific details into pop- 
ular form would be difficult; suffice it to 
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say that the compressor is worked by an 
electric motor, and that, by means of four 
cylinders and pistons, enclosed in a metal 
case, the air is drawn in, and brought up 
to a pressure of 80 pounds to the square 
inch. The power thus manufactured, as it 
were, is conveyed to all parts of the 
works, not only by iron pipes, but by 
flexible rubber tubes, which can be easily 
handled, and employed in any position. 
The pneumatic tools, or, in other words, 
the tools that are made to work by means 
of the compressed air, which can be 
turned on or off at will, are of various 
kinds. Mr. Reavell more particularly al- 
luded to the pneumatic hoist, which is in- 
stalled above all the large electrically 
driven tools at the high speed engine 
works at Ipswich. Each hoist is suspend- 
ed from a “jib” crane, so that it can be 
adjusted over any part of the machine be- 
low and for a sufficient distance above; it 
consists, roughly speaking, of a cylinder, 
and a piston rod having a hook at the 
end; and, simply by turning a lever, the 
mechanic can lift and lower castings of 12 
cwt. or more without any assistance. The 
economical value of such an appliance 
was seen in regard both to the actual sav- 
ing of labor and the greater ease with 
which the work in hand can be carried 
out. Another tool described was the 
pneumatic hammer. This tool looked in 
the drawing not unlike a formidable pis- 
tol, with a hammer, which can be changed 
to a hard chisel, inserted in the barrel, 
and it was explained, that when held in 
position, it worked with a constant suc- 
cession of blows, and effected chipping or 
hammering at a great rate without much 
exertion on the part of the workman. The 
pneumatic drill was another most useful 
and ingeniously contrived tool, of which 
Mr. Reavell gave an interesting account. 
He showed photographs illustrative of 
the use of these hammers and drills in 
the great shipbuilding yards of the great 
lakes of America, where they had, up to 
the present, he said, been more extensive- 
ly used than anywhere else. The econ- 
omy in labor cost, due to their use, had 
been enormous, and there could be no 
doubt that they must and would be large- 
ly taken up by the engineers in this coun- 
try. The contention appeared to be fully 
established, that where a pneumatic plant 
was once installed, compressed air became 
a veritable “maid of all work,” for which 
fresh uses would be constantly found. 
(Applanse.) 
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The reading of the paper was followed 
by an animated discussion, in which those 
who took part were the chairman, Mr. 
W. S. Everard, Mr. H. N, Pegg, Mr. Bal- 
four, Mr. A. A. Arnold, Mr. H. S. Jef- 
feries, who spoke of the large use of 
pneumatic tools that he saw on a visit to 
Baldwin’s works in Philadelphia; Mr. 
Collard, who suggested that pneumatic 
tools might be used by divers; Mr. Tilley, 
Mr. Perry, Mr. Bull, Mr. Warner and 
Mr. de Beer. 

Mr. Reavell, replying in detail to the 
technical questions raised, said that al- 
though English workingmen might be 
prejudiced against the use of these tools, 
he did not think that any serious difficulty 
would arise on that account, or that the 
vibration spoken of by Mr. Arnold and 
others was a point that demanded very 
serious consideration. The question 
asked by Mr. Collard opened up an in- 
teresting phase of the subject, upon which 
he should make inquiry; as it was, he 
knew that many ships were now equipped 
with air compressors and pneumatic tools. 

The chairman, in moving a vote of 
thanks to Mr. Reavell, said that in the 
works with which that gentleman was 
connected he had the advantage of start- 
ing with a clean slate, so that he could get 
in all the newest appliances. A parallel 
case was presented in the equipment of 
the British and Boer armies. (Hear, 
hear.) Improvements were so rapidly 
made nowadays that the firm which kept 
quite up to date would hardly have a tool 
that they were satisfied with ten years 
ago. 

Mr. Harold Jefferies seconded the mo- 
tion. He thanked Mr. Reavell, not only 
for his paper, but for having allowed 
members to go over his works and see 
these appliances in operation. It was a 
great advantage to older firms that they 
should thus be shown some of the new in- 
ventions which they had not yet been able 
to put in. (Hear, hear.) 

The vote was carried by acclamation. 

Mr. Reavell, in response, said he thor- 
oughly believed in reciprocity of ideas. 
(Hear, hear.) He took occasion to thank 
the firm of Messrs. Taite, Howard and 
Co. (63 Victoria Street, London) for hav- 
ing forwarded the books of photographs 
with which his paper has been illustrated. 
The books mentioned describe and illus- 
trate the tools made by the Chicago 
Pneumatic Tool Co., the same being the 
basis of Mr. Reavell’s paper. 
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The Navy Department has placed an 
order with the New York Air Compressor 
Company, 120 Liberty street, New York, 
for two Duplex Air Compressors of large 
capacity for the Charlestown Navy Yard, 
Boston, Mass. 


An attractive circular has been received 
from the Philadelphia Pneumatic Tool 
Co., Philadelphia. It is devoted to the 
appliances which they make: The Pneu- 
matic Rammer. which was recently de- 
scribed and illustrated in these columns, 
and the Keller Pneumatic Hammers. 
Both of these appliances are in much de- 
mand at present. 


COMMUNICATIONS. 





Under this heading will be published inquiries 
addressed to the Rditorof COMPRESSED AIR. We 
wish to encourage our readers in the practice of 
making inquiries and expressing opinions. 

We request that the rules governing such corre- 
spondence will be observed, viz., all communica- 
tions should be written on one side of the paper 
only ; they should be short and to the point. 





California, O. 
Compressed Air: 

In your issue for August last, you refer 
to the use of air at the Volunteer Mine, 
Michigan, with less than 15 per cent. sub- 
mergence. I would like to know full par- 
ticulars of this operation, and shall be 
greatly obliged if you will inform me how 
to get them. 

Arthur S. Hobby, C. E. 


I—26—1900. 


We have failed to locate the Volunteer 
Mine. Can any of our readers advise us 
where it is, so that we can get the infor- 
mation required by our correspondent? 
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Specially prepared for COMPRESSED AIR. 


643,135. AIR-COMPRESSOR,. William D. 

Hooker, St. Louis, Mo. 

An air-compressor, with a series of com- 
pression-cylinders of an outer surround- 
ing shell for containing a cooling medium 
having a dividing-partition separating the 
shell into chambers, and an open-top in- 
serted cylinder and plunger adapted to per- 
mit the circulation of the cooling medium 
outside and inside the said cylinder and 
plungers, substantially as described. 


gi2 


643,744. METHOD OF REHEATING COM- 
PRESSED AIR FOR INDUSTRIAL 
PURPOSES. Thomas A. Edison, Llew- 
ellyn Park, N. J., assignor to the Edison- 
Saunders Compressed Air Company, West 
Orange, N, J. Filed Feb. 27, 1899. Serial 






























































No, 706,976. (No model.) 
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The method of reheating compressed air 
for industrial purposes, which consists in 
directing a portion of the air into inti- 
mate proximity wth a source of burnng 
combustible; in effecting a reduction in 
pressure of the air between the source of 
heat and the point of use; in causing a por- 
tion of the air to flow, by reason of such 
reduction of pressure, through the burning 
combustible to absorb heat directly there- 
from and to support combustion thereof, 
and in mixing the directly-heated portion 
of air with the indirectly-heated portion of 
air, prior to use, substantially as set forth, 
643,962. HYDRAULIC AIR-COMPRESSOR. 

Jesse C. Howard, Columbus, Ohio. 


An apparatus and a series of air-come- 
pressing devices, connected in pairs to com- 
press alternately, a common receiver con- 
nected with said devices, an axially-rota- 
table, drum-like actuator, movable in a 
circular, horizontal path, a_ spherical 
weight loose in the actuator, a gyratory 
track interposed between the compressing 
devices and the actuator and on which the 
latter rolls, means to move said actuator 
bodily to thereby gyrate the track and op- 
erate the compressing devices, one or more 
weighted devices mounted for movement 
upon the track at a point or points remote 








913 COMPRESSED AIR. 


from said actuator, and means whereby 
said weighted device or devices will be 
caused to move in unison with the actua- 


tor. 
644,093. MARINE AIR-COMPRESSOR. Jas. 
F. Place, Glen Ridge, N. J. 


Bs 


WZ SS 
IS 5 


f 





A marine air-compressor, operated by a 
floating buoy and having a submerged air- 
compressing cylinder and a totally sub- 
merged compensating cylinder; the com- 
bination of a piston working in said com- 
pensating cylinder; a valve opening from 
the lower part of said cylinder below the 
piston into the upper part of same above 
the piston, and a valve Opening from the 
upper part of said compensating cylinder 
above the piston, into the lower. part of 
same below the piston, substantially as 
shown and described. 

644,128. AUTOMATIC CONTROLLER FOR 
ELECTRIC COMPRESSORS. Niels A. 
Christensen, Milwaukee, Wis. 

644,259. RECEPTACLE FOR HOLDING 
AND STORING LIQUID AIR OR 
OTHER LIQUID GASES. Oscar P. Os- 
tergren, New York, N. Y. 








In a receptacle for holding liquids, the 
combinations of an _ interior vessel for 
holding the liquid, with an exterior porous 
casing surrounding same, a space being ar- 
ranged between the interior vessel and the 
porous casing, an orifice in the interior ves- 
sel opening into said space, and a non-re- 
turn valve fitted to said opening whereby 
fluid is permitted normally to pass in one 
direction only, an opening in said porous 
casing, a valve fitted thereto, a connection 
between said valve and said non-return 
valve whereby when the former is opened 
the latter is rendered. inoperative, thereby 
permitting the passage of fluid in either 
direction. 

644,340. AIR-METER. Samuel L. Terry, 
Chicago, Ill., assignor of one-half to Will- 
iam Stretton, Phillipsburg, Kan, 

A fluid-meter, consisting of a casing, of 
which the wall is interiorly concaved and 
the heads provided with bevel-faced pivots 
in the form of concavities projected into 
the body of the casing by thickening the 
walls at their location, a core eccentrically 
mounted in the casing and having a cross- 
sectional convexed peripheral surface ex- 
tending laterally beyond the inner surfaces 





of the bevel-faced pivots or beyond those 
portions of the inner surface of the casing 
which bound the fluid-chamber to form an 
effectual break-joint, the said core being 
provided eccentrically to the casing with 
core-spindles and having wing-seats radial- 
ly extending outwardly therefrom, wings 
movably mounted in said seats, one of the 
core-spindles being extended in reduced 
form, a ratchet mechanism on said reduced 
extended portion of one of the spindles, a 
worm on the spindle outside of the ratchet 
mechanism, and recording mechanism act- 
uated by the said worm. 





FOR SALE. 


New solid drawn seamless steel flasks, 
adapted to a working pressure of 2000 to 
2500 Ibs., and tested and inspected at 4800 Ibs. 
pressure. Details will be furnished on inquiry 
of intending purchaser. Address 

H. K. PORTER CO. 
543 Wood Street, Pittsburgh, Pa. 
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CHAS. G. ECKSTEIN, 


MECHANICAL ENGINEER, 
Berlin, C., Germany. Spandauerstrasse 16-17. 


Makes it a specialty to sell 


Pneumatic Tools and Appliances 


and 
Compressed Air Machinery in General, 


in Europe. 
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American Manufacturers of 


FIRST CLASS TOOLS AND MACHINERY 


in above line, seeking an effective representation abroad, are respectfully 
invited to correspond with the New York Office, 249 Centre Street. 


Seamless Rolled Steel Tubes 


KASS 48 8 


ARRAALADAS 
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FOR GASES, COMPRESSED AIR, ETC, 
UNDER HIGH PRESSURE. 


In lengths up to 24 feet. 


AAASS SASHA ASO 488 Oe 8 8 8 ng 8 8 oo 


Manufactured in Germany after the famous ‘‘ Mannesmann Process.’’ 


Representative : 
Tested and approved by the 


highest —— an — Pp 
ernments oO urope an Ch G Ecks 
America. as. Sa tein, 


Each Tube is carefully tested, 
anda Government Test Cer- 


,tificate is furnished with 249 Centre Street, New York. 


same. 
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INGENIEURS-CONSEILS POUR INSTALLATIONS D’AIR COMPRIME & 
AGENTS EXCLUSIFS DE 


Chicago Pneumatic Tool Co., 


OUTILS PNEUMATIQUES, 


Curtis & Co. Mfg. Co., 
Geo. F. Blake Mfg. Co.. 


COMPRESSEURS D’AIR AUTOMATIQUES A VAPEUR & A COURROIE 
VERINS PNEUMATIQUES. 


Merrill Pneumatic Pump Co., 


POMPES PNEUMATIQUES. 


Wheeler Condenser. 


CONDENSEURS PAR SURFACE. 
RECHAUFFEURS. 


“COMPRESSED AIR” 


REVUE MENSUELLE DES APPLICATIONS DE L’AIR COMPRIME. 
ABONNEMENT: 8 FRANCS PAR AN. 


) 

rs 

H. GLAENZER & PERREAUD, & 
Mechanical Engineers, 

1, Avenue de la République, ¥ 

& 61, Rue de Malte. : 
“BLAKENILES,” PARIS. “licsers 
“ PARIS." (FRANCE.) OR Al's CODES. Y 
: 

¥ 

- 

¥ 

¥ 
































Messrs. H. GLAENZER & PERREAUD have been the leading 
introducers of compressed air machinery in France. They will re- 
ceive with pleasure correspondence from American manufacturers of 
compressed air machinery, tools, and supplies. 
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“LITTLE GIANT” 


PNEUMATIC TOOLS 


DURABLE EFFICIENT 


AND APPLIANCES 








DRILLS 


Rr ee HAMMERS 
BORING — 
MACHINES ROLLING 
BLOW-OFF MACHINES 
COCKS RIVETERS 
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Light in weight and economical in use of air. 
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£ 
MANUFACTURERS OF 4 
+ 
PNEUMATIC TOOLS AND APPLIANCES OF ALL KINDS. + 
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NEW YORK, LONDON MARQUETTE BLDG., CHICAGO, ILL., U.S. A. PARIS, BERLIN, BRUSSELS. : 
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COMPRESSED AIR MOTOR COMPANY. 


COMPRESSED 
AlR MOTORS 


An Independent Motor, under quick control, noiseless, at reason- 
able cost, of high efficiency, free from danger and all objectionable 
features. The most economical system in cost of installation, 
operation and maintenance ever offered to the public. Thoroughly 
tested, both Winter and Summer, and endorsed by prominent 
engineers. 

Cars in size and appearance the same as electric or cable 
cars, the floor being no higher from raii. No paying space occu- 
pied by the air storage or mechanism, all being placed under the 
car floor. 














RUN AT ANY SPEED DESIRED. OVERCOME GRADES AND SHARP 
CURVES EASILY. EQUIPPED WITH NOISE- 
LESS AIR BRAKES. 

Can be recharged with air in less than two minutes, and 
constructed to run any desired distance. Motors and entire load 
spring supported. Cars can be introduced one at a time on the 
track of any railway, steam, electric, cable or horse. Cars of this 
type performed a daily service of 81% miles each upon 125th 
Street, New York City, for one complete year, during which time 
they ran 32,159 miles, and carried 188,854 cash fares. 

COMPRESSED AIR MOTORS FOR STREET, SUBURBAN AND 
ELEVATED RAILWAYS. 


COMPRESSED AIR MOTOR CO., 


45 BROADWAY, NEW YORK. 
1033 MONADNOCK BLOCK, CHICAGO, ILL. 
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AMERICAN 
VER Le 
COMPANY. 


H. D. COOKE, }. D. CAMPBELL, A. H. COOKE, 


President. Engineer Secretary. 


ROOMS 137-145, 
45 BROADWAY, NEW YORK CITY, N. Y. 


An association of engineers and business men has been 
formed to put cn a commercial basis for all purposes the best 
form of automobile. 

With few exceptions this question has been dealt with in 
this country as a fad, and while the fact has been recognized 
and confessed by all, that there is a broad field for automobiles, 
no systematic effort appears to have been made to develop their 
uses. There has been lots of talk of applying them to business 
wagons, but little has been done in that direction. Many 
schemes have been devised by what might be termed amateur 
mechanics, who have claimed much, but who have really accom- 
plished but little. 

The men forming this Company have no pet theories or pet 
devices, but desire to go into the market with the best power 
and machine obtainable, applying it to practical work. They 
recognize the fact that there are a number of automobile engines 
in the market now, and that some of them may be developed to 
do the work planned. 

The full development of this industry will not be accom- 
plished by talking. The machines must be put into practical 
use. This will develop defects for which remedies can be 
applied. 

Arrangements are already made to acquire rights for steam 
and gas automobiles, and experiments are being made with an 
air wagon, and this combination is ready to consider any form 
of engine or power that promises to give the results aimed at. 
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“COMPRESSED AIR” “*wontsvy. 


wn Ny 
This is the only publication devoted to the useful application ¥ 

of compressed air, and it is the recognized authority on all N ) 

matters pertaining to this subject. a%e, 

WY 

AY ———__ NOW IN ITS FIFTH YBAR. WY 
ch ® 
N\A) 

a RATES OF SUBSCRIPTION. *& % webe, 
United States, Canada and Mexico, : : . : per year, $1.00 be 

\ All other Countries, ; : ; c ‘ ; : 1.50 W 

« Single Copies : ; 10 » 
a SPECIAL ss & & &* s& &* 4 
Clubs of ten subscribers, . . 5.00 Y 


The attention of Engineers, Superintendents, Railroad cten Mechan- 
ics, Manufacturers of Compressed Air Appliances, Students, and all 
others whose association with compressed air require the widest 
knowledge of the application of air power is called to this Special 
Rate. It enables them to place the magazine in the hands of opera- 


é tors of compressed air apparatus by club subscriptions at an e xtremly 
low cost. 
« 
\\ 


AEG 
~ot= 
SAS 


2 
4 
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LIST OF BOOKS ON COMPRESSED AIR. 


= 


W 
Volume No. 4, “Compressed Air,” . . . cloth, 2.00 Y 
' March, 1899— February, 1900, inchusive.—The panies numbers of W 
a Compressed Air,’’ which make up this volume are profusely illustra- sate, 
ted with fine half-tone engravings and line cuts of a large number of WZ 
important applications of compressed air. The articles contained in > FF 
the above have been widely quoted and treat upon a varied collection WY 
AN of air power subjects. iebey 
WW) 


pressed air, and are investigating its advantages. 


sy 


This volume is valuable for those who contemplate the use of com- 
e 


Compressed Air Production, by W. L. Saunders, cloth, 1.00 


Compressed Air Production or The Theory and Practice of Air Com- 
pression. Just published. By W. L. Saunders. A practical treatise 
on air compression and compressed air machinery. It contains rules, 
tables and data of value to engineers. 











x 


Compressed Air, by Frank Richards, ‘ cloth, 


Compressed Air, by Frank Richards. Contains practical information 
upon air compression and the transmission and application of com- 
pressed air. 


z 


=~ 


oh 
AS 
. 


WZ 

Liquid Air and the — faction of Gases, by Prof. T. O'Conor ween, 350 - 
pages, ° . . . . + 2.50 Y } 
ara, 

E ae nts upon the Transmission of Power by Compressed Air in Paris, W 
by A. B. W. Kennedy, F. R. S.. M. Inst. C. E., Emeritus Professor of yet, 
Engineering in University College, London. The Transmission and WY 


Distribution of Power from Central Station by Compressed Air, by 
William Cawthorne Unwin, B. 8. C., F. R.8., M. Inst. C. E., 


The Transmission of Power by Compressed Air, by Robert Zahner, M. E., 


Forwarded postpaid on receipt of price. 


‘‘ COMPRESSED AIR,” 26 Cortlandt st., 





New York. 
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The Only Piston Air Drills Made 


THAT HAVE DOUBLE-BALANCED PISTON 
VALVES THAT CUT-OFF AT 5/8 OF THE 
FULL STROKE ARE THE 


“LITTLE GIANT.” 
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Simple in They use fifty 
per cent. less 
air and do far 
more work 
than rotary or 
any othertype 
of air drill. 
Sent on trial 

anywhere, and 
express charges 
paid both ways 
if not satisfac- 
tory. 


STANDARD PNEUMATIC TOOL COMPANY, 


Manufacturers of Pneumatic Drills, Hammers, Flue Rolling, 
Reaming, Tapping and Boring Machines, Blow-off Cocks, 


Construction. 


Light in Weight. 


Made in all Sizes. 


VUVVV VY VV PV VUE 


Adapted for all 
Classes of Work. 


I /fa'sn aa AAPA ADRAADIARBARARLADDLADSIARRAADDIAREIARE IA, 





and all kinds of Air Tools and Appliances, 
MARQUETTE BLDG., 141 BROADWAY, 
CHICAGO. NEW YORK, 
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THE BOYER 
LONG STROKE RIVETING HAMMER 


wie 


60 DAYS 
TRIAL 


We 


€ 









We will send any of 
our tools on 60 days 
trial at our own 
expense to satisfy 
you of their value. 


The Most 


Powerful Hammer. 


=> 
WE MANUFACTURE 


PNEUMATIC 
TOOLS 


FOR ALL PURPOSES. 
=> 
Send for our booklet containing 


154 Testimonial Letters from 


RAILROADS, 
SHIP YARDS, 
MANUFACTURERS. 


CHICAGO PNEUMATIC TOOL CO. 


General Offices: Monadnock Block, Chicago. 
New York Office: 122 Liberty St., N. Y. 
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| which Shelby Steel Tubing 


| of every kind. They are 
| manufactured under the 
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Shelby Seamless 
Cold Drawn 
Steel Tubing. 





The original billets from 


is made, are selected with 
the utmost care, and must 


be free from imperfections 


latest and most improved 
method. The result is a 


PERFECT TUBE. 


We want you to know 
all about Shelby Tubing, 
Our Price List “E” con- 
tains much valuable in- 


formation. Postal brings 





SHELBY STEEL 
TUBING COMPANY, 


General Office, Cleveland, O. 
New York Office, 144 Chambers Street. 
Chicago Office, 135 Lake Street. 

Birmingham Office, 29 Constitution 
Hill, England. 
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Telephones, John 1342. Cable Address, 
* 14992, Cube’ New York. 


CORNELL & UNDERHILL 


SALES AGENTS 

















SPANG, CHALFANT & CO., 


Full Weight Wrought Iron Pipe. 

Marine, Locomotive and Stationary 
Boiler Tubes. 

Artesian and Oil Well Casing. 


RENSSELAER I1’F’G CO., 


Brass and Iron Gate Valves, 1-2 to 
72 inches, for Air, Gas, Steam, 
Water and Oil. 

Corey Fire Hydrants. 


BLOOMSBURG CAR M’PF’G CO., 


Freight, Mine and Dump Cars. 
Car Wheels of every description. 
Portable Track and Switches. 


No. 13 Gold Street, New York. 
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i TANKS 
For Air, Water, Steam, Gas, Soda, 
3 


Janney, Steinmetz & Co., 


COLD DRAWN, HOT PRESSED 
AND FORGED 


STEEL SHAPES 
AND SPECIALTIES 


SEAMLESS COLD DRAWN 
STEEL SHELLS, CYLINDERS 


Ammonia or Fluids under Pressure 
and Explosives. 


SEAMLESS STEEL TUBING, HEAVY SECTION 
TUBES, HYDRAULIC FORGINGS FOR 
CREAM SEPARATOR BOWLS, 
SEAMLESS STEEL TESTED 
TANKS OF SUNDRY 
DIAMETERS. 


DREXEL BUILDING, 


o————__ PH|ILADELPHIA. 
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f PHILADELPHIA, — 
a IR 
COMPRESSORS 


These Compressors will compress more air 
at less cost than any other make, requiring no 
attention other than oiling ; entirely automatic 
in action, fos “nag and starting as air is re- 

uired. Specially adapted for foundry use. 











an be run in series; if s0, no stoppage 
possible. 


: 
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ey, RIVETERS,HOISTS, 
CRANES anv OTHER 
TOOLS. 





Send for Catalogue. 


Sore Acents, 
85, 87, 89 LIBERTY ST., N.Y. 
22 SO. CANAL ST., CHICAGO, ILL. = & 
PARK BLDG., PITTSBURGH, PA. 
26 SO. WATER ST., CLEVELAND, 0. 
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= beat A wyll t : ‘" Manning, Maxwell & Moore, 


WHEELER CONDENSER & ENGINEERING CO. 
NEW YORK. 


= [eeseesee) «= SURFACE 


= eee 


For CONDENSERS 
MARINE Mounted on 
and Combined Air 
and 
STATIONARY Circulating 
SERVICE. Pumps. 


PROPRIETORS AND MANUFACTURERS OF 
WHEELER STANDARD SURFACE CONDENSER; WHEELER ADMIRALTY 
SURFACE CONDENSER; WHEELER LIGHTHALL SURFACE CONDENSER; 
VOLZ PATENT SURFACE CONDENSER AND FEED WATER HEATER; 
EDMISTON PATENT FEED WATER FILTER. 


WHEELER’S PATENT FEED WATER HEATER 
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The Stearns-Roger Manufacturing Company, 
CONSTRUCTING ENGINEERS. 


Chlorination Mills, Electric Plants > 
~__ Compressed Air Plants of any capacity. 


























ROGER’S ITIPROVED CRUSHING ROLLS. 


Patented in the United States and Foreign Countries. 


S 
“These Rolls have been running very satisfactorily and appear to us to be unquestionably E 
the best type of roll yet devised. General Manager, E 


MOLLIE GiBson & A. J. MILLS, Aspen, Colorado.” 


| Manufacturers of all classes of Machinery for Mining and Metallurgical requirements. | 
| MAIN OFFICE, 1718-24 CALIFORNIA STREET, DENVER, COLO., U. S. A. 
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GENERAL COMPRESSED AIR 
HOUSE CLEANING COMPANY. 


INCORPORATED CAPITAL $100,000. 
Lona Disrance Offices : Lincoln Trust Building, 
main 2862. St. Louis, Mo.—— = 





| agrtesrr % -) Correspondence is invited from 
; parties desiring to engage in 
cleaning houses, including carpets, 
tugs, draperies, bedding and up- 
holstered furniture by the dustless 
method. 





Exclusive City Rights 
For Sale. 


By our system houses are thor- 
oughly cleaned and disinfected 
with compressed air. 

Recommended by the Medical 
Profession. 

Revolution in House Cleaning. 

This device thoroughly renovates 
the carpets, removes and collects 
allof the dirt and impurities that 
the carpet contains. 





This method is protected by 
Letters Patent, others pending. 








For further information, address 
HOUSE RENOVATOR. | 


GENERAL COMPRESSED AIR 
HOUSE CLEANING COMPANY. 


CONTRACTORS AND ENGINEERS FOR COMPLETE 
RENOVATING PLANTS FOR HOTELS, RESIDENCES, 
HOSPITALS AND PUBLIC INSTITUTIONS. . € 


= = | 
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BD Bad 


Established 
LSS3s. 


Bad ad 





C. & G@ COOPER CO. 


MT. VERNON, OHIO. 


CORLISS ENGINES. 


CoMPOUND. 





TRIPLE Expansion. 
SINGLE CYLINDER. 


Of all sizes up to 3,000 





Horse-power. 
— FOR — 
FACTORIES, RAILWAYS, ELECTRIC LIGHTING, 
ROLLING MILLS, AND ALL KINDS 
OF MANUFACTURING. 





CORRESPONDENCE SOLICITED. 
HOME OFFICE: MT. VERNON, OHIO. 
NEW YORK: Room 1022 Havemeyer Building, F. W. IREDELL, Mex. 
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Whitelaw 
Reversible 
Pneumatic 
Drills 


For Wood Boring, and Drill- 
ing and Tapping in Iron 
and Steel. 





Chicago Pneumatic Tool Co., 


3, Pneumatic Tools and 
‘ Air Compressing Plants 


GENERAL OFFICES: 


635 MONADNOCK BLOCK, CHICAGO. 
122 LIBERTY STREET, NEW YORK. 


Boyer 


Piston 
Air Drills 


For General Iron 
and Steel Work- 
ing. 

Powerful and 
efficient. 
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PNEU- 
MATIC 
HAM- 
MERS 
All sizes for all services from light 


calking to heavy riveting. 


These hammers have the simplest valves yet designed and 
hence the least likely to get out of order. They cannot break or 
become inoperative through slight wear. They are fully guaranteed 
against cost for repairs for one year. 
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PHILADELPHIA PNEUMATIC TOOL Co., ¢ 
NEW YORK, PHILADELPHIA, PITTSBURCH, Ks 
SINGER BUILDING. STEPHEN GIRARD BUILDING. WOOD & WATER STS. 4, 
fe 
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CompPRESSED AiR Pumps FOR | ALL Peseta, * ) 


£ BLEASON- PETERS AIR PUMP CO., 20 West Houston Street, NW. Y. 
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SED AIR. 


et2ee soso noo 








| COMPRESSED AIR 
INSTALLATIONS.... 
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Compressed Air Transmission. 

’ 

I am prepared to report on engineering 
questions connected with compressed air { 
propositions in manufactories, contract work, 
railroad machine shops and any other enter- ; 
tise that now uses hand or other power. ¢ 
ae a specialty of enumerating the uses ; 
of air power, devising means for their main- § 
) tenance and supervising their installation. {% 
) Ten years practical experience in build 
ing and operating air motors. I solicit § 
correspondence with street and suburban rail- 
) way companies contemplating change of ? 
motive power. 


HENRY D. COOKE, 45 Broapway, N. Y.; 








H 
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SUPERINTENDED. and the Transmission and Application 
of Compressed Air. 
Railroad and Other Plants Equipped. $8y reanx Ricnaros. 12mo, cloth, $1.50 
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Compressed Air. 


Practical information upon Air-Compression 


John Wiley & Sons, New York. 


COLD STORAGE PROBLEMS 


Are fully discussed in my pamphlet 


%#% Eggs in Cold Storage. * 


A book of about 100 pages, containing 
much data and the results of many experi- 
ments. Senton receipt of 10 centsin stamps, 


MADISON COOPER, 


Refrigerating Engineer, Minneapolis, Minn. 
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N\ ae ae, electncal, rvilroad, mining, and 
i 


\ ‘ wa Priceless to the active man who needs to keep in touch 


ENGINEERING | 
MAGAZINE, | 


AN INDUSTRIAL REVIEW 


‘ The Engineering Magazine.has been aptly described as S 
"* The Century of the industrial world and the Review 0 
Reviews to engineering literature —the two in one.” Its 
M% leading articles treat the subjects uppermost in importance 
jn industrial affairs. Its contributors include the foremost 
s men of oyr.times, It gives each month an. exhaustive 
» Review and Index to the world-wide ramge of technical 





* literature — Amenican, English, French, and German. It \& 


is read in every nook and corner of the civilized world. It 
is founded upon the idea of meeting the requirements of the 
: and brainy men who manage, thinh, arid plan for the 


mechanic-i industries. It has a tz bona-fide cfrcu- 
lation among such men than has ever been attained by an 
g engineering journal in all the history of industrial literature. 





y ith current developrficnts. Its every page carries a hving 
interest for intelligent readers who are in any way con- 
» cerned with modern industrial entérprises. Its subscribers \ 
are its warmest advocates and the. Magazine itself is iis %&\ 
g best solicitor. Sample copy free. 


30 Cents a Number; $3.00 a Year. * : 


% THE ENGINEERING MAGAZINE, 


~ $20-122 Liberty St., New-York, U.S.A. : 
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ised tz. Officers of all Railroads 
contz eussrenix) «= "THE POCKET LIST op 
$1.00 pet annum. RAILROAD OFFICIALS 
THE OFFICIAL Advertising rates on application, 
RAILWAY EQUIPMENT peer one 


ptive of freight and pa» 


REGISTER senger cars of the Railways aud Private Companies ia 


the United States, Canada and Mexico. 
Subscription Price, @5.00 per annum. Single copies, 81.00, 


THE RAILWAY EQUIPMENT & PUBLICATION 00, 


24 Park Place, New York. 
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: INGERSOLL-SERGEANT : 
di Over 300 sizes and over 4o styles, and an unlimited variety of combin- 7 
= 2 s ations in Steam, Belt, Electric, Gear, Water Power, or % 
- STYLES AND Gasoline Driven Air Compressors 
wl > yas i Ss . be 
: SIZES. I + 
% Standard types giving a minimum pressure of 5 pounds to the square %& 
ls " inch and from that on up progressively to 3,000 + 
+ PRESSURES. pounds and more to the square inch. bs 
= The Best ; It comes of long experience as to *F 
. the condi tions, and de- & 
+ WORKIIANSHIP mands of air compression. + 
J AND No other method tolerated ‘% 
7 MATERIAL. by us or suited to our % 
de trade.  § 
, 3 Every detail follows in care andaccuracy the 
yf practice of manufacturing 
oe concerns ‘ i - 
7 * pom chinery to eae ma ‘4 
| | E  grntttion. = '° COMPRESSORS mrevterem- 
ci tations gained by mak- 4 
7 os ing every improvement known to the art. + 
+ A reasonable amount of attention given by expertsto every machinesold cover- + 
= ing a period of time long enough to convince the buyer that ¥ 
be CONDITIONS. every effort is made to supply him with a substantial 
ote machine. Ba 
oa All machines designed with pleasing architectural features, giving attention + 
* to floor space, insuring rigidity and strength, and con- S 
DESIGNS. sequent comparison with other lines of high-class 4 
ty machinery + 
+ The rapid adoption of compressed air and the number of uses to which it is + 
oa ¢ ; P . . ‘ ~ P a > . > oO be a 
4 LITERATURE. applied are shown in catalogues and booklets sent free on ¥ 
de application. y 
A ofed — — 7 > _ a = de 
ds | ¢ THE INGERSOLL-SERGEANT DRILL CO. = : 
oe R~’ — e be od 
hed — 
Ts $ MANUFACTURERS OF + 
— ee 
+ Air Compressors, Rock Drills, Coal Cutters, Air Lift Pumps, es 
“~— 7 Stone Channeling Machines (Steam or Air), etc. ps 
nies ia 
‘ pa OFFICES: z 
00. & | CHICAGO, 84 Van Buren Street. SEATTLE, Wash., 310 1st Ave., South. yx 
& | CLEVELAND, Ohio, 26 South Water Street. | MONTREAL, Can., 299 St. James Street. zs 
. & | BOSTON, Mass., 77 Oliver Street. | MEXICO CITY, San Juan Letran 13. ‘ ke 
4 | HOUSTON, Tex., Kiam Building. | LONDON, Eng , 114a Queen Victoria Street. ake 
& | DENVER, Col., 227 South Temple Street. - "= 114 Leadenhall Street. he 
de | SAN FRANCISCO, Cal., 21 Fremont Street. SYDNEY, Australia, 187 Clarence Street. oh 
& | BIRMINGHAM, Ala., 18 South 20th Street. KALGOORLIKE, West Australia. oe 
& | St. LOUIS, Mo., Fullerton Building. | JOHANNESBURG, So. Africa, Box 1809. he 
/ BUTTE, Mont., 300 Main Street. | VALPARAISO, Chili. ote 
ake St. PAUL, Minn., 4th and Wacouta Streets. | YOKOHAMA. Japan, No. 22. ote 
bei - ” - ced 
he 26 CORTLANDT ST., NEW YORK. oh 
be od —- Reed 
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AIR COMPRESSORS. 


foofostostecfeofeeteel- 


of 


Actuated by Steam, Belt, Gearing, Gas, 


Gasoline or Water Power. 


to 


Suitable for every 


purpose which Pneumatic Power is 


applied. 
New York Air Compressor Co. 


WORKS: ARLINGTON, N. J. 
Offices: 120 Liberty Street, New York. 
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Catalogue mailed upon application. _  _— 
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CLAYTON AIR COMPRESSORS 


For 

Operating 
Pneumatic 
Shop Tools 
Hoists, Etc. 
| Aie Litt 


and every 


other 





purpose to 
which 
Compressed 
Air 


can be 






applied. 


| CLAYTON AIR COMPRESSOR WORKS, 
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CATALOGUE. 


26 Cortlandt Street, NEW YORK. 
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INGERSOLL-SERGEANT 


Over 300 sizes and over 4o styles, and an unlimited variety of combin- 
STYLES AND ations in Steam, Belt, Electric, Gear, Water Power, or 
SIZES , Gasoline Driven Air Compressors. 


Standard types giving a minimum pressure of 5 pounds to the square 
inch and from that on up_ progressively to 3,000 
PRESSURES. pounds and more to the square inch. 


The Best ; It comes of long experience as to 


the condi tions, and de- 

WORKMANSHIP mands of air compression. 

AND No other method tolerated 

MATERIAL. by us or suited to our 
trade. 


Every detail follows in care 


and accuracy the 
practice of 


manufacturing 


AIR 


CON concerus that build ma- 
% chinery to R perpetuate repu- 
STRUCTION. tations COMPRESSO gained by mak- 


ing every improvement known to the art. 
A reasonable amount of attention given by expertsto every machine sold cover- 
ing a period of time long enough to convince the buyer that 
CONDITIONS. every effort is made to supply him with a substantial 
machine. 
All machines designed with pleasing architectural features, giving attention 
to floor space, insuring rigidity and strength, and con- 
DESIGNS. sequent comparison with other lines of high-class 
machinery 
The rapid adoption of compressed air and the number of uses to which it is 


LITERATURE applied are shown in catalogues and booklets sent free on 
‘application, 


IE INGERSOLL-SERGEANT DRILL CO. 


MANUFACTURERS OF 
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AIR COMPRESSORS. 


Actuated by Steam, Belt, Gearing, Gas, 


Gasoline or Water Power. Suitable for every 
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purpose to which Pneumatic Power is 


$ 


ofoefe 


applied. 


New York Air Compressor Co. 


WORKS: ARLINGTON, N. J. 
Offices: 120 Liberty Street, New York. 
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Catalogue mailed upon application. _  _—_— 
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CLAYTON AIR COMPRESSORS 


| For 
Operating 

| Pneumatic 

| Shop Tools 

Hoists, Etc. 

| Air Lift 


and every 


other 





purpose to 
which 
Compressed 
Air 

‘can be 








applied. 


CLAYTON AIR COMPRESSOR WORKS, 
CATALOGUE, 26 Cortlandt Street, NEW YORK. 




















